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(57) ABSTRACT

A hot-water storage type hot-water supply device includes a
heat pump unit (1) for heating water, a hot-water storage tank
(21) for storing hot water heated by the heat pump unit (1),
and a hot-water supplying heat exchanger (22) placed so as to
extend roughly entirely 1n a vertical direction thereof and
whichreceives water from a lower side thereof and discharges
hot water from an upper side thereof.
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HOT-WATER STORAGE TYPE HOT-WATER
SUPPLY DEVICE AND HOT-WATER
STORAGE TYPE HEATING AND HOT-WATER
SUPPLY DEVICE

TECHNICAL FIELD

The present mvention relates to a hot-water storage type

hot-water supply device and a hot-water storage type heating,
and hot-water supply device.

BACKGROUND ART

Conventionally, there has been provided a hot-water stor-
age type heating and hot-water supply device which includes
a heat pump unit for heating water, and a hot-water storage
tank for storing hot water heated by the heat pump unit, so that
heating or hot water supply 1s fulfilled by utilizing hot water
contained 1n the hot-water storage tank (see, e.g., JP 2006-
329581 A).

In this hot-water storage type heating and hot-water supply
device, hot water stored in the hot-water storage tank 1s out-
putted as it 1s. By contrast, in some other cases, a hot-water
supplying heat exchanger 1s placed 1n the hot-water storage
tank 1n terms of sanitation or the like, and hot water 1s out-
putted from a water supply port via the hot-water supplying
heat exchanger. In a hot-water storage type heating and hot-
water supply device with use of such a hot-water supplying,
heat exchanger, there 1s a problem that 1t 1s quute difficult to
realize a hot-water supplying heat exchanger capable of per-
forming efficient heat exchange between the hot water 1n the
hot-water storage tank and the supply hot water.

SUMMARY OF INVENTION
Technical Problem

Accordingly, an object of the present invention 1s to pro-
vide a hot-water storage type hot-water supply device and a
hot-water storage type heating and hot-water supply device
capable of improving the heat exchange efliciency of the
hot-water supplying heat exchanger with a simple construc-
tion and supplying high-temperature supply hot water.

Solution to Problem

In order to achieve the above object, the present invention
provides a hot-water storage type hot-water supply device
comprising;

a heat pump unit for heating water;

a hot-water storage tank for storing hot water heated by the
heat pump unit; and

a hot-water supplying heat exchanger including a pipe
which 1s placed 1n the hot-water storage tank so as to extend
roughly entirely in a vertical direction thereof and which
receives water from a lower side thereof and discharges hot
water from an upper side thereof.

According to the hot-water storage type hot-water supply
device of this invention, 1n the hot-water storage tank 1n which
hot water heated by the heat pump unit has been stored and in
which the hot-water temperature distribution increases
gradually higher and higher from lower toward upper side,
low-temperature supply hot water that has tflowed 1n from the
lower side of the hot-water supplying heat exchanger includ-
ing the pipe 1s heat-exchanged 1n a hot-water region of rela-
tively low temperatures on the lower side within the hot-water
storage tank, and heat-exchanged in upper-side higher-tem-
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perature hot-water region within the hot-water storage tank
while flowing upward in the hot-water supplying heat
exchanger, thus being delivered as high-temperature supply
hot water. Thus, since the supply hot water flows from lower
to upper side according to the temperature gradient in the
hot-water storage tank while being heated by heat exchange,
so that the temperature distribution 1n the hot-water storage
tank 1s never disturbed, allowing high heat exchange effi-
ciency to be obtained. Accordingly, with a simple construc-
tion, the heat exchange efficiency of the hot-water supplying
heat exchanger can be improved, and high-temperature hot
water can be supplied. Further, low-temperature water on the
lower side within the hot-water storage tank 1s heated by the
heat pump unit while the vertical temperature gradient in the
hot-water storage tank 1s formed, by which the COP (Coetli-
cient Of Performance) of the heat pump unit can be improved.

In an embodiment, heat exchange power of the hot-water
supplying heat exchanger per unit volume of the hot-water
storage tank 1s so set as to be higher 1n an upper-side portion
than i a lower-side portion.

According to this embodiment, 1n a hot-water region of
relatively low temperature on the lower-side portion within
the hot-water storage tank, heat exchange power of the hot-
water supplying heat exchanger per unit volume of the hot-
water storage tank 1s so set as to be higher 1n an upper-side
portion than 1 a lower-side portion. As a result, heat
exchange 1s suppressed 1n comparison to the case in which the
heat exchange power 1s equal between the upper-side portion
and the lower-side portion, so that the cooling of the hot-water
region on the lower side within the hot-water storage tank 1s
suppressed. Thus, 1n heating with the hot water 1n the hot-
water storage tank used as the heat source, heating power
deficiency can be prevented.

On the other hand, 1n the higher-temperature hot-water
region on the upper side within the hot-water storage tank, as
the water flows toward the upper side of the hot-water sup-
plying heat exchanger, the heat exchange power of the hot-
water supplying heat exchanger per umit volume of the hot-
water storage tank 1s set larger 1n the upper-side portion than
in the lower-side portion, by which heat exchange 1s fulfilled
enough so that high-temperature supply hot water can be
obtained.

In an embodiment, the hot-water supplying heat exchanger
includes a coil-like pipe.

According to this embodiment, by using the coil-like pipe
for the hot-water supplying heat exchanger, the hot-water
supplying heat exchanger can be placed efficiently over the
generally entire vertical region of the hot-water storage tank.

In an embodiment, the hot-water supplying heat exchanger
has a lower-side coil portion and an upper-side coil portion,
and

an electrothermal heater placed between the lower-side
coil portion and the upper-side coil portion 1s included.

According to this embodiment, the electrothermal heater 1s
placed between the lower-side coil portion and the upper-side
coil portion of the hot-water supplying heat exchanger, 1t
becomes possible that in case of capacity deficiency or fail-
ures of the heat pump unit, hot water 1n the intermediate
portion within the hot-water storage tank 1s heated by using
the electrothermal heater, thus allowing the heating power of
the electrothermal heater to be used as an auxiliary. Further-
more, 1n a failure of the heat pump unit, heating the hot water
at the intermediate portion 1n the hot-water storage tank by
using the electrothermal heater allows the start-up of hot-
water supply to be improved in comparison to the case in
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which the electrothermal heater 1s placed on the lower side in
the hot-water storage tank so that more time 1s taken for
boil-up.

In an embodiment, the coil-like pipe of the hot-water sup-
plying heat exchanger has a smaller pitch 1n an upper-side
portion than in a lower-side portion.

According to this embodiment, the hot-water region of
relatively low temperature on the lower side 1n the hot-water
storage tank 1s made larger 1n pitch of the coil-like pipe of the
hot-water supplying heat exchanger. As a result, heat
exchange 1s suppressed in comparison to the case in which the
coil-like pipe 1s equal 1n pitch between the upper-side portion
and the lower-side portion, so that the cooling ofthe hot-water
region on the lower side within the hot-water storage tank 1s
suppressed. Thus, 1n heating with the hot water 1n the hot-
water storage tank used as the heat source, heating power
deficiency can be prevented.

On the other hand, 1n the higher-temperature hot-water
region on the upper side within the hot-water storage tank, as
the water flows toward the upper side of the hot-water sup-
plying heat exchanger, the coil-like pipe of the hot-water
supplying heat exchanger 1s made smaller 1 pitch, 1.e.
densely arranged, by which heat exchange 1s fulfilled enough
so that high-temperature supply hot water can be obtained.

In an embodiment, the coil-like pipe of the hot-water sup-
plying heat exchanger 1s smaller 1n inner diameter 1n a lower-
side portion thereof than 1n an upper-side portion thereof.

According to this embodiment, by making the upper-side
portion of the coil-like pipe in the hot-water supplying heat
exchanger smaller 1n mner diameter than in the lower-side
portion, the flow velocity in the upper-side portion 1s
increased, thus improving the heat transfer rate. As a resullt,
heat exchange 1s fulfilled enough 1n the upper-side high-
temperature hot-water region within the hot-water storage
tank, so that high-temperature supply hot water can be
obtained.

In an embodiment, grooves are provided in an inner surface
of an upper-side portion of the coil-like pipe of the hot-water
supplying heat exchanger.

According to this embodiment, the heat transter rate of the
upper-side portion of the coil-like pipe 1s improved by
grooves provided in the inner surface of the upper-side por-
tion of the coil-like pipe of the hot-water supplying heat
exchanger. Thus, heat exchange 1s fulfilled enough 1n the
upper-side high-temperature hot-water region within the hot-
water storage tank, so that high-temperature supply hot water
can be obtained.

In an embodiment, {ins are provided 1n an outer circumier-
ential surface of an upper-side portion out of the coil-like pipe
of the hot-water supplying heat exchanger.

According to this embodiment, the heat transfer rate of the
upper-side portion of the coil-like pipe 1s improved by the fins
provided on the outer circumierential surface of the upper-
side portion of the coil-like pipe of the hot-water supplying
heat exchanger. Thus, heat exchange 1s fulfilled enough 1n the
upper-side high-temperature hot-water region within the hot-
water storage tank, so that high-temperature supply hot water
can be obtained.

In an embodiment, the heat pump unit uses carbon dioxide
as a refrigerant.

According to this embodiment, using carbon dioxide as the
reirigerant for the heat pump unit makes 1t possible to give
contribution to global warming countermeasures since car-
bon dioxide 1s smaller 1n global warming potential so as not to
deplete ozone. Further, since carbon dioxide 1s higher in
condensing temperature as compared with HFC refrigerant or
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4

the like, 1t becomes possible to raise the hot-water tempera-
ture produced by the heat pump unit (e.g., 90° C.).

Also 1n this invention, there 1s provided a hot-water storage
type heating and hot-water supply device, comprising:

one of the hot-water storage type hot-water supply devices
as described above;

heating terminals connected between a heating-forward
port and a heating-return port of the hot-water storage tank of
the hot-water storage type hot-water supply device, and

a circulating pump for circulating hot water within the
hot-water storage tank via the heating terminals, wherein

an upper-side region 1n the hot-water storage tank 1s used
primarily as a heat source for hot-water supply, and a lower-
side region 1n the hot-water storage tank 1s used primarily as
a heat source for heating.

In this case, with a simple construction, the heat exchange
elficiency of the hot-water supplying heat exchanger 1n the
hot-water storage type hot-water supply device can be
improved, and high-temperature hot water can be supplied.
Further, under the condition that the upper-side region in the
hot-water storage tank 1s used primarily as a heat source for
hot-water supply while the lower-side region 1s used prima-
rily as a heat source for heating, the heat source of the upper-
side region within the hot-water storage tank can be effec-
tively utilized to supply high-temperature hot water while the
heat source of the lower-side region within the hot-water
storage tank can be effectively utilized for heating without
alfecting the high-temperature hot-water supply.

In an embodiment, hot water 1s discharged from an inter-
mediate region 1n the hot-water storage tank to the heating
terminals by the circulating pump.

According to this embodiment, hot water 1s delivered from
the intermediate region within the hot-water storage tank to
heating terminals by the circulating pump. Thus, hot water in
the upper-side region within the hot-water storage tank can be
maintained in a high-temperature state for use of hot-water
supply, so that deterioration of the hot-water supply power
due to heating can be prevented.

Advantageous Effects of Invention

As apparent from the above description, according to the
hot-water storage type hot-water supply device of the inven-
tion, there can be realized a hot-water storage type hot-water
supply device which allows the heat exchange efficiency of
the hot-water supplying heat exchanger to be improved with
a simple construction, and which can supply high-tempera-
ture hot water.

Also, according to the hot-water storage type hot-water
supply device 1n an embodiment, the heat exchange power of
the hot-water supplying heat exchanger per unit volume of the
hot-water storage tank 1s so set as to be higher 1n the upper-
side portion than 1n the lower-side portion. As a result, in the
hot-water region of relatively low temperature 1n the lower-
side portion within the hot-water storage tank, heat exchange
1s suppressed 1n comparison to the case 1 which the heat
exchange power 1s equal between the upper-side portion and
the lower-side portion, so that the cooling of the hot-water
region on the lower side within the hot-water storage tank 1s
suppressed. Thus, 1n heating with the hot water 1n the hot-
water storage tank used as the heat source, heating power
deficiency can be prevented. As the water tlows toward the
upper side of the hot-water supplying heat exchanger, heat
exchanger 1s fulfilled enough 1n the upper-side high-tempera-
ture hot-water region within the hot-water storage tank, so
that high-temperature supply hot water can be obtained.
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Also, according to the hot-water storage type hot-water
supply device in an embodiment, by using a coil-like pipe for
the hot-water supplying heat exchanger, the hot-water sup-
plying heat exchanger can be placed efficiently over the gen-
crally entire vertical region of the hot-water storage tank.

Also, according to the hot-water storage type hot-water
supply device 1n an embodiment, the electrothermal heater 1s
placed between the lower-side coil portion and the upper-side
coil portion of the hot-water supplying heat exchanger, 1t
becomes possible that in case of capacity deficiency or fail-
ures of the heat pump unit, hot water in the intermediate
portion within the hot-water storage tank 1s heated by using
the electrothermal heater, thus allowing the heating power of
the electrothermal heater to be used as an auxiliary. Further-
more, 1n a failure of the heat pump unit, heating the hot water
at the mtermediate portion in the hot-water storage tank by
using the electrothermal heater allows the start-up of hot-
water supply to be improved in comparison to the case in
which the electrothermal heater 1s placed on the lower side in
the hot-water storage tank so that more time 1s taken for
boil-up.

Also, according to the hot-water storage type hot-water
supply device in an embodiment, the hot-water region of
relatively low temperature on the lower side 1n the hot-water
storage tank 1s made larger 1n pitch of the coil-like pipe of the
hot-water supplying heat exchanger. As a result, heat
exchange 1s suppressed 1n comparison to the case in which the
coil-like pipe 1s equal 1n pitch between the upper-side portion
and the lower-side portion, so that the cooling of the hot-water
region on the lower side within the hot-water storage tank 1s
suppressed. Thus, 1n heating with the hot water 1n the hot-
water storage tank used as the heat source, heating power
deficiency can be prevented. On the other hand, in the higher-
temperature hot-water region on the upper side within the
hot-water storage tank, as the water tflows toward the upper
side of the hot-water supplying heat exchanger, the coil-like
pipe of the hot-water supplying heat exchanger 1s made
smaller 1n pitch, 1.e. densely arranged, by which heat
exchange 1s fulfilled enough so that high-temperature supply
hot water can be obtained.

Also, according to the hot-water storage type hot-water
supply device in an embodiment, by making the upper-side
portion of the coil-like pipe in the hot-water supplying heat
exchanger smaller 1n mner diameter than in the lower-side
portion, the flow velocity in the upper-side portion 1s
increased, thus improving the heat transfer rate. As a resullt,
heat exchange 1s fulfilled enough 1n the upper-side high-
temperature hot-water region within the hot-water storage

tank, so that high-temperature supply hot water can be
obtained.

Also, according to the hot-water storage type hot-water
supply device 1n an embodiment, the heat transter rate of the
upper-side portion of the coil-like pipe 1s improved by
grooves provided in the inner surface of the upper-side por-
tion of the coil-like pipe of the hot-water supplying heat
exchanger. Thus, heat exchange 1s fulfilled enough in the
upper-side high-temperature hot-water region within the hot-
water storage tank, so that high-temperature supply hot water
can be obtained.

Also, according to the hot-water storage type hot-water
supply device in an embodiment, the heat transfer rate of the
upper-side portion of the coil-like pipe 1s improved by the fins
provided on the outer circumierential surface of the upper-
side portion of the coil-like pipe of the hot-water supplying
heat exchanger. Thus, heat exchange 1s fulfilled enough 1n the
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upper-side high-temperature hot-water region within the hot-
water storage tank, so that high-temperature supply hot water

can be obtained.

Also, according to the hot-water storage type hot-water
supply device 1n an embodiment, using carbon dioxide as
refrigerant for the heat pump unit makes 1t possible to give
contribution to global warming countermeasures. Further,
since carbon dioxide 1s higher in condensing temperature as
compared with HFC refrigerant or the like, 1t becomes pos-
sible to raise the hot-water temperature produced by the heat
pump unit.

According to the hot-water storage type hot-water supply
device of the invention, with a simple construction, the heat
exchange efficiency of the hot-water supplying heat
exchanger can be improved, and high-temperature hot water
can be supplied. Further, under the condition that the upper-
side region 1n the hot-water storage tank 1s used primarily as
a heat source for hot-water supply while the lower-side region
1s used primarily as a heat source for heating, the heat source
of the upper-side region within the hot-water storage tank can
be eflectively utilized to supply high-temperature hot water
while the heat source of the lower-side region within the
hot-water storage tank can be effectively utilized for heating
without affecting the high-temperature hot-water supply.

Also, according to the hot-water storage type hot-water
supply device 1n an embodiment, hot water 1s delivered from
the intermediate region within the hot-water storage tank to
heating terminals by the circulating pump. Thus, hot water in
the upper-side region within the hot-water storage tank can be
maintained 1n a high-temperature state for use of hot-water
supply, so that deterioration of the hot-water supply power
due to heating can be prevented.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a circuit diagram showing a construction of a
hot-water storage type heating and hot-water supply device
with use of a hot-water storage type hot-water supply device
according to a first embodiment of the present invention;

FIG. 2 1s a longitudinal sectional view of a hot-water stor-
age tank of the hot-water storage type heating and hot-water
supply device;

FIG. 3 1s a side view of the hot-water storage tank of the
hot-water storage type heating and hot-water supply device;

FIG. 4 1s a top view of the hot-water storage tank of the
hot-water storage type heating and hot-water supply device;

FIG. 5 15 a longitudinal sectional view of a hot-water stor-
age tank of a hot-water storage type heating and hot-water
supply device with use of the hot-water storage type hot-
water supply device according to a second embodiment of the
invention;

FIG. 6 15 a longitudinal sectional view of a hot-water stor-
age tank of a hot-water storage type heating and hot-water
supply device with use of the hot-water storage type hot-
water supply device according to a third embodiment of the
imnvention;

FIG. 7 1s a partial perspective view showing an internal
structure of the hot-water supplying heat exchanger placed
within a hot-water storage tank of a hot-water storage type
heating and hot-water supply device with use of a hot-water
storage type hot-water supply device according to a fourth
embodiment of the invention;

FIG. 8 15 a longitudinal sectional view of a hot-water stor-
age tank of a hot-water storage type heating and hot-water
supply device with use of the hot-water storage type hot-
water supply device according to a fifth embodiment of the
invention;
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FIG. 9 1s a main-part perspective view of a hot-water sup-
plying heat exchanger placed within the hot-water storage

tank; and

FIG. 10 1s a longitudinal sectional view of a hot-water
storage tank of a hot-water storage type heating and hot-water
supply device with use of the hot-water storage type hot-
water supply device according to a sixth embodiment of the
imnvention;

DESCRIPTION OF EMBODIMENTS

Hereinbelow, the hot-water storage type hot-water supply
device and the hot-water storage type heating and hot-water
supply device of the present invention will be described 1n
detail by embodiments thereot 1llustrated 1n the accompany-
ing drawings.

First Embodiment

FIG. 1 1s a circuit diagram showing a construction of a
hot-water storage type heating and hot-water supply device
with use of a hot-water storage type hot-water supply device
according to a first embodiment of the invention.

This hot-water storage type heating and hot-water supply
device, as shown in FIG. 1, includes a heat pump unit 1, a
hot-water storage section 2, and a heating and water-heating,
section for supplying hot water to an unshown heater and a
water heater. For the heat pump unit 1, a refrigerant of CO.,
which 1s small 1n global warming potential (GWP) so as not to
destroy ozone, 1s used. This allows the heat pump unit 1 to
produce output hot water of higher temperatures (e.g., 90°
C.).

The heat pump unit 1 has a compressor 11, a condenser
(water-reirigerant heat exchanger) 12 having one end (pri-
mary side) connected to a discharge side of the compressor
11, an expansion valve 13 having one end connected to the
other end (primary side) of the condenser 12, an evaporator 14
one end of which 1s connected to the other end of the expan-
sion valve 13 and the other end of which 1s connected to a
suction side of the compressor 11, and a blower fan 15 for
supplying outside air to the evaporator 14. The compressor
11, the condenser 12, the expansion valve 13 and the evapo-
rator 14 constitute a refrigerant circuit.

Also, on the discharge side of the compressor 11, a dis-
charge-temperature sensor 11 for detecting a discharge tem-
perature 1s placed and moreover a pressure sensor (HPS) 16
for detecting a discharge pressure 1s placed. Further, an
evaporator temperature sensor 12 for detecting an evaporator
temperature 1s placed on the evaporator 14 while an outside-
air temperature sensor 13 1s placed near the evaporator 14.
Then, based on detection signals of the discharge-tempera-
ture sensor 11, the evaporator-temperature sensor 12, the
outside-air temperature sensor 13 and the pressure sensor
(HPS) 16, a boil-up control section (not shown) controls the
compressor 11, the expansion valve 13, the blower fan 15 and
the like.

Also, one end of a pipe L11 1s connected to a boil-up
forward connecting portion 21¢ (shownin FIG. 2) provided at
a lower portion of a hot-water storage tank 21, and the other
end of the pipe L11 1s connected to one end (secondary side)
of the condenser 12. Provided on the pipe L11 1s a boil-up
circulating pump 24 for feeding out water from a lower por-
tion of the hot-water storage tank 21 toward the condenser 12.
One end of a pipe LL12 1s connected to the other end (second-
ary side) of the condenser 12 of the heat pump unit 1, and the
other one of the pipe L12 1s connected to an input side of a
boil-up three-way valve 25. One end of a pipe L.24 15 con-
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nected to one output side of the boil-up three-way valve 25,
and the other end of the pipe L.24 1s connected to one 1nput
side of a heating-use three-way valve 32. Further, the one
input side of the heating-use three-way valve 32 1s connected
via a pipe L35 to a second heating-forward connecting por-
tion 21d (shown 1n FIG. 2 and serving also as a first boil-up
return connecting portion) provided at an upper portion of the
hot-water storage tank 21. On the other hand, one end of a
pipe .23 1s connected to the other output side of the boil-up
three-way valve 25, and the other end of the pipe L23 1s
connected to a lower side of the hot-water storage tank 21.

On the pipe L11 1n the secondary-side upstream of the
condenser 12 1s placed an intake water temperature sensor T4
for detecting an intake water temperature. An outgoing hot-
water temperature sensor 15 for detecting an outgoing hot-
water temperature 1s placed on the pipe .12 in the secondary-
side downstream of the condenser 12.

The hot-water storage tank 21 1s formed into a generally
cylindrical shape surrounded by a heat insulating material
(not shown). A hot-water supplying heat exchanger 22
formed of a coil-like pipe 1s placed in the hot-water storage
tank 21. This hot-water supplying heat exchanger 22 has a
lower-side coil portion 22a and an upper-side coil portion 225
connected to each other with a specified spacing. One end of
a water supply pipe L21 to be connected to the hot-water
storage tank 21 1s connected to a water supply port 21a
connected to a lower end of the lower-side coil portion 22a,
and one end of a hot-water supply pipe L22 to be connected to
the hot-water storage tank 21 1s connected to an upper end of
the upper-side coil portion 225. The water supply pipe L21
and the hot-water supply pipe .22 are connected to each other
by a hot-water supply mixing valve 31 outside the hot-water
storage tank 21. Also, a hot-water temperature sensor T13 1s
placed on one side of the hot-water supply pipe L.22 down-
stream of the hot-water supply mixing valve 31.

Water supplied from outside via the water supply pipe L21
flows from the lower end side of the lower-side coil portion
22a toward the upper end side of the upper-side coil portion
22b, thus being supplied to a water heater (not shown) via the
hot-water supply pipe L22.

The hot-water storage tank 21 has, on a side face, five
temperature sensors 16-110 spaced from one another as
listed 1n this order from upper toward lower side. A water
temperature of an upper-side portion within the hot-water
storage tank 21 1s detected by the temperature sensor 16, and
a water temperature ol an intermediate portion within the
hot-water storage tank 21 1s detected by the temperature
sensor 18. Also, a water temperature 1n the hot-water storage
tank 21 1s detected by the temperature sensor 17 at an inter-
mediate point between the temperature sensor T6 and the
temperature sensor 18. Further, a water temperature of a
lower-side portion within the hot-water storage tank 21 1s
detected by the temperature sensor T10, and a water tempera-
ture in the hot-water storage tank 21 1s detected by a tempera-
ture sensor 19 at an intermediate point between the tempera-
ture sensor 18 and the temperature sensor T10. Whereas five
temperature sensors 16-110 for detecting water temperatures
in the hot-water storage tank 21 are provided 1n this embodi-
ment, 1t 1s enough to provide a plurality of four or more
temperature sensors for detecting water temperatures in the
hot-water storage tank. A plurality of temperature sensors
makes 1t possible to decide how high the supply hot water has
been stored 1n the hot-water storage tank as counted from its
top.

In addition, an electrothermal heater 23 is placed 1n the
hot-water storage tank 21 and between the lower-side coil
portion 22a and the upper-side coil portion 22b.
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The hot-water storage tank 21, the hot-water supplying
heat exchanger 22, the heater 23, the boil-up circulating pump
24, the boil-up three-way valve 25 and the temperature sen-
sors T6-110 constitute the hot-water storage section 2 (shown
in FIG. 1).

Next, one end of a pipe .31 1s connected to the other input
side of the heating-use three-way valve 32, and the other end
of the pipe L31 1s connected to a first heating-forward con-
necting portion 21 (shown in FIG. 2) of the hot-water storage
tank 21. The first heating-forward connecting portion 21/1s
provided at a position between the upper-side coil portion 225
and the electrothermal heater 23 1n the hot-water storage tank
21.

Then, the output side of the heating-use three-way valve 32
1s connected to one input side of a heating-use mixing valve
33, and one end of a pipe L32 1s connected to the output side
of the heating-use mixing valve 33. On the pipe L32 are
provided a heating-forward temperature sensor 111 and a
heating-use circulating pump 34 1n an order from the heating-
use mixing valve 33 side. Radiators 41,42, . . . as an example
ol heating terminals are connected by their one end on the
pipe .32 in the downstream side of the heating-use circulat-
ing pump 34. Also, one end of a pipe .33 1s connected to a
heating-return connecting portion 21g (shown in FIG. 3) as a
heating return port provided at a lower portion of the hot-
water storage tank 21, and the other ends of the radiators 41,
42, . .. are connected to the other end side of the pipe L33. A
heating-return temperature sensor T12 1s placed on the pipe
[.33. Also, one side of the pipe L33 closer to the hot-water
storage tank 21 than the heating-return temperature sensor
112 and the other input side of the heating-use mixing valve
33 are connected to each other by a pipe L.34.

Based on detection signals from the temperature sensors
16-1T10, the heating-forward temperature sensor 111, the
heating-forward temperature sensor T11 and the heating-re-
turn temperature sensor 112, a heating hot-water supply con-
trol section (not shown) controls the boil-up three-way valve
235, the heating-use three-way valve 32, the boil-up circulat-
ing pump 24 and the heating-use circulating pump 34.

The heating-forward temperature sensor T11, the heating-
return temperature sensor T12, the hot water supply mixing,
valve 31, the heating-use three-way valve 32, the heating-use
circulating pump 34 and the heating and hot-water supply
control section constitute a heating and water-heating section
to be driven by a commercial power supply.

In the hot-water storage type heating and hot-water supply
device constructed as described above, the output side of the
boil-up three-way valve 25 of the hot-water storage section 2
1s switched to the pipe L.24 side, the compressor 11 of the heat
pump unit 1 1s driven and operation of the blower fan 15 1s
started. Further, the boil-up circulating pump 24 of the hot-
water storage section 2 1s driven. Then, a high-pressure gas
refrigerant discharged from the compressor 11 1s subjected to
heat radiation and condensation by the condenser 12 to form
a liquid refrigerant, which 1s thereafter reduced in pressure by
the expansion valve 13 to form a low-pressure refrigerant,
which absorbs heat from outside air so as to evaporate. Then,
the low-pressure gas refrigerant evaporated by the evaporator
14 returns to the suction side of the compressor 11. In this
case, water that has flowed 1nto the secondary side of the
condenser 12 from a lower portion (boil-up forward connect-
ing portion 21¢) of the hot-water storage tank 21 via the pipe
.11 by the boil-up circulating pump 24 i1s heated by the
condenser 12 to be hot water of near 90° C., and returns into
the hot-water storage tank 21 via the pipe L12, the boil-up
three-way valve 25, the pipe .24, the pipe L33 and the second
heating-forward connecting portion (first boil-up return con-
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necting portion) 21d. Thus, water within the hot-water stor-
age tank 21 1s circulated via the boil-up circulating pump 24
and the condenser 12, so that the water within the hot-water
storage tank 21 1s boiled up. Hot water 1n the hot-water
storage section 2 1s so distributed as to form such hot water
layers (temperature distribution) that higher-temperature hot
water 1s located on an upper side while lower-temperature hot
water 1s located on a lower side.

In addition, at start-up of the heat pump unit 1 or the like, 11
the hot water that comes out from the condenser 12 of the heat
pump unit 1 has not yet come to enough high temperature, the
three-way valve 235 1s so controlled that the hot water does not
return to an upper portion of the hot-water storage tank 21 via
the pipe L24 or the like, but does return to a second boil-up
return port located at a lower portion of the hot-water storage
tank 21 via the pipe L23. The return port 1s changed over
depending on the temperature of the hot water as shown above
for the reason that returning hot water that has not yet come to
enough high temperature to the upper portion of the hot-water
storage tank 21 may cause the temperature distribution within
the hot-water storage tank 21 to be disturbed, and the reason
1s to prevent this disturbance. Changeover of the three-way
valve 25 1s performed based on an output of the outgoing
hot-water temperature sensor 15 provided between the con-
denser 12 and the boil-up three-way valve 25.

Next, for heating operation, the heating-use three-way
valve 32 of a heating and water-heating section 3 1s changed
over so that the pipe L31 and the heating-use mixing valve 33
are connected to each other, followed by driving the heating-
use circulating pump 34. Then, hot water located in the inter-
mediate portion of the hot-water storage tank 21 flows into the
radiators 41, 42, . . . via the pipe L.31, the heating-use three-
way valve 32, the heating-use mixing valve 33 and the heat-
ing-use circulating pump 34. Then, hot water coming out
fromtheradiators 41,42, . .. returns through the lower portion
of the hot-water storage tank 21 via the pipe L33 into the
hot-water storage tank 21.

In this case, based on detection signals from the tempera-
ture sensors T6-1T10 as well as a heating-forward temperature
detected by the heating-forward temperature sensor T11 and
a heating-return temperature detected by the heating-return
temperature sensor 112, the heating-use mixing valve 33 and
the heating-use circulating pump 34 are controlled by the
heating hot water supply control section (not shown). Also,
heating operation and boiling-up by the heat pump unit 1 may
be performed simultaneously.

For changeover of the heating-use three-way valve 32, 1 a
case where the high-temperature region of the hot water
within the hot-water storage tank 21 1s present over a range
from the upper portion of the hot-water storage tank 21 to a
proximity of a first heating-forward port 51 and where enough
high-temperature water 1s stored, the heating-use three-way
valve 32 1s so controlled that hot water 1s taken out from the
intermediate portion of the hot-water storage tank 21 via the
pipe .31 so as to be circulated on the radiators 41,42, . . . side.
Also, without enough storage of hot water, for example, 1n a
case where the high-temperature region of the hot water
within the hot-water storage tank 21 does not reach a prox-
imity of the first heating-forward port 51 so that the high-
temperature water 1s present only 1n the upper portion of the
hot-water storage tank 21, the heating-use three-way valve 32
1s controlled so that the hot water 1s taken out through a
second heating-forward port 52 so as to be circulated on the
radiator side. This changeover of the heating-use three-way
valve 32 1s fulfilled by the heating hot water supply control
section. That 1s, based on signals from the plurality of tem-
perature sensors 16-1T10 for detecting hot-water temperatures
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of the individual portions within the hot-water storage tank
21, the heating hot water supply control section decides the
hot water quantity of the high-temperature water to make
changeover of the heating-use three-way valve 32. The
changeover of the heating-use three-way valve 32 may also be
done based on only the temperature sensor T8 positioned
slightly lower than the first heating-forward port 51 and
roughly equal 1n height to the electrothermal heater 23.

Next, for execution of hot water supply operation, as the
hot-water supplying faucet of the hot-water supply device
(not shown) 1s opened, water supplied by water supply pres-
sure applied from outside flows to the hot-water supply
device via the water supply pipe L21, the hot-water supplying
heat exchanger 22 and the hot water supply pipe L.22, so that
hot water heated by the hot-water supplying heat exchanger
22 1s supplied to the hot-water supply device. In this case,
based on a hot-water temperature detected by the hot-water
temperature sensor 113, the heating and hot-water supply
control section controls the hot-water supply mixing valve 31
to adjust the temperature of hot water supplied to the hot-
water supply device to a desired temperature. In addition, at
least one of the heating operation or the boiling-up by the heat
pump unit 1 may be performed simultaneously with the hot-
water supply, where 1individual operations are under no con-
straints.

FIG. 2 1s a longitudinal sectional view of the hot-water
storage tank 21 of the hot-water storage type heating and
hot-water supply device. FI1G. 3 1s a side view of the hot-water
storage tank of the hot-water storage type heating and hot-
water supply device. FIG. 4 15 a top view of the hot-water
storage tank of the hot-water storage type heating and hot-
water supply device. FIG. 2 1s a sectional view taken along the
line II-11 of F1G. 4. In FIGS. 2 to 4, reference sign 21a denotes
a water supply port, 215 denotes a hot-water supply port, 21¢
denotes a boil-up forward connecting portion, 214 denotes a
second heating-forward connecting portion, 21e denotes a
second boil-up return connecting portion, 21f denotes a first
heating-forward connecting portion, 21g denotes a heating-
return connecting portion, 26 denotes a sacrificial anode, and
16-110 denote temperature sensors. As shown 1n FIG. 4, a
lower end of a pipe 27 provided generally parallel to the
sacrificial anode 26 so as to extend from the {first heating-
forward connecting portion 21/to the hot-water storage tank
21 1s opened near and upward of the electrothermal heater 23,
so that hot water for heating use 1s taken out from the inter-
mediate portion in the hot-water storage tank 21.

As shown 1 FIGS. 2 to 4, a hot-water supplying heat
exchanger 22 comprised of a coil-like pipe 1s placed 1n a
substantially entire vertical region of the hot-water storage
tank 21, which 1s surrounded by a heat insulating material
(not shown) and formed 1nto a generally cylindrical shape.
This hot-water supplying heat exchanger 22 has a lower-side
coil portion 22a and an upper-side coil portion 2256 connected
to each other with a specified spacing.

According to the hot-water storage type heating and hot-
water supply device constructed as described above, 1n the
hot-water storage tank 21 in which hot water heated by the
heat pump unit 1 has been stored and in which the hot-water
temperature increases gradually higher and higher from
lower toward upper side, low-temperature supply hot water
that has flowed 1n from the lower side of the hot-water sup-
plying heat exchanger 22 1s heat-exchanged 1n a hot-water
region of relatively low temperatures on the lower side within
the hot-water storage tank 21, and heat-exchanged 1n upper-
side higher-temperature hot-water region within the hot-wa-
ter storage tank 21 while flowing upward in the hot-water
supplying heat exchanger 22, thus being discharged as high-
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temperature supply hot water. In this case, the supply hot
water flows from lower to upper side according to the tem-
perature gradient 1n the hot-water storage tank 21 while being
heated by heat exchange, so that the temperature distribution
in the hot-water storage tank 21 1s never disturbed, allowing
high heat exchange elliciency to be obtained. Accordingly,
with a simple construction, the heat exchange efliciency of
the hot-water supplying heat exchanger 22 can be improved,
and high-temperature hot water can be supplied. Further,
low-temperature water on the lower side within the hot-water
storage tank 21 1s heated by the heat pump unit 1 while the
vertical temperature gradient 1n the hot-water storage tank 1s
maintained, by which the COP (Coetlicient Of Performance)
of the heat pump unit 1 can be improved.

Depending on a boil-up state, a temperature distribution of
about 40° C.-90° C. from lower to upper side 1s formed 1n the
hot-water storage tank 21, where temperature differences
between warm water 1n the hot-water storage tank 21 and
water tlowing within the hot-water supplying heat exchanger
22 15 larger on the lower side on which low-temperature water
flows 1n and 1ncreasingly smaller on the upper side more and
more. Therefore, 1n terms of uniformization of heat exchange
quantity 1in the hot-water supplying heat exchanger, the lower-
side portion of the hot-water supplying heat exchanger show-
ing larger temperature differences can be made larger 1n pitch.
Thus, shortening the length of the lower-side portion of the
hot-water supplying heat exchanger makes it possible to
reduce the vertical size of the hot-water storage tank so that
s1ze and weight reduction of the hot-water storage tank can be
achieved.

By using a coil-like pipe for the hot-water supplying heat
exchanger 22, the hot-water supplying heat exchanger 22 can
be placed efliciently over the generally entire vertical region
of the hot-water storage tank 21.

Also, 1n case of capacity deficiency or failures of the heat
pump unit 1, hot water in the intermediate portion within the
hot-water storage tank 21 1s heated by using the electrother-
mal heater 23, thus allowing the heating power of the elec-
trothermal heater 23 to be used as an auxiliary. Furthermore,
in a failure of the heat pump unit 1, heating the hot water at the
intermediate portion 1n the hot-water storage tank 21 by using
the electrothermal heater 23 allows the start-up of hot-water
supply and heating to be improved 1n comparison to the case
in which the electrothermal heater 23 1s placed on the lower
side 1n the hot-water storage tank 21 so that more time 1s taken
for boil-up.

In addition, control of the electrothermal heater 23 may
also be performed based on, for example, an output of the
temperature sensor 18 roughly equal 1n height to the electro-
thermal heater 23 or the temperature sensor 17 located
slightly upper than the electrothermal heater 23. More spe-
cifically, when a water temperature detected by the tempera-
ture sensor 17 1s less than a specified temperature (1.e., when
specified high-temperature water reaches only a level upper
than the temperature sensor 17), 1t 1s decided that the quantity
of high-temperature water of the hot-water storage tank 21 1s
insuificient, followed by turning on the electrothermal heater
23, continuing the on-state of the electrothermal heater 23
until the water temperature detected by the temperature sen-
sor T8 becomes a specified temperature or higher (i.e., a
specified high-temperature water reaches the position of the
temperature sensor 18), and turming off the electrothermal
heater 23 at a time point when the water temperature detected
by the temperature sensor T8 becomes the specified tempera-
ture or higher. Turn-on and -oif of the heater 1s controlled not
by using the temperature sensor 18 positioned roughly equal
in height to the electrothermal heater 23 but by using the
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temperature sensor 17 positioned slightly higher than the
clectrothermal heater 23 and the temperature sensor 18 posi-
tioned roughly equal 1n height to the electrothermal heater 23
with a view to preventing hunting. In addition, as apparent
from FIG. 3, the first heating-forward port 31 1s positioned at
a height between the temperature sensor 17, which 1s in the
second-order place from the top, and the temperature sensor
T8, which 1s 1n the third-order place from the top and which 1s
roughly equal 1n height to the electrothermal heater 23.

For example, when the switching control of the heating-
torward port based on the temperature sensor 18 as well as the
switching control of turn on/oif of the electrothermal heater
23 based on the temperature sensors 17, T8 are performed 1n
combination, 1t becomes particularly effective to provide the
first heating-forward port 51 near upward of the electrother-
mal heater 23. In such a case, (1) 1f the high-temperature
water increased to a specified temperature 1s present so as to
reach a position lower than the temperature sensor T8, then
the electrothermal heater 23 1s turned off and the heating-
forward port 1s switched to the first heating-forward port 51,
(2) 11 the high-temperature water has decreased to a position
between the temperature sensors 17, T8, then the electrother-
mal heater 23 1s turned oif and the heating-forward port 1s
switched to the second heating-forward port 52, and (3) fur-
ther, 11 the high-temperature water has decreased to a position
upper than the temperature sensor 17, then the electrothermal
heater 23 1s turned on and the heating-forward port 1s
switched to the second heating-forward port 52, where the
turned-on state of the heater 1s continued until the high-
temperature water increases again to the position of the tem-
perature sensor 18. As a result of this, the state 1s again (1) that
enough high-temperature water 1s present.

In this case, since the electrothermal heater 23 1s located
not 1n a lower portion of the hot-water storage tank 21 but at
a position near and downward of the first heating-forward
port 51, the time for increasing the temperature of the water
between the temperature sensors 18, T7 to a specified tem-
perature, 1.¢., the time for returming from the state of (3) to the
state of (1) can be shortened. Accordingly, the time during
which the second heating-forward port 52 has to be used can
be reduced, so that the device 1s suitable particularly for
hot-water supply and heating systems 1n which the upper-part
hot water 1n the tank 1s mainly used for hot-water supply use
while the lower-part hot water 1n the hot-water storage tank 21
1s used for heating use.

Also, using carbon dioxide (CQO.,) as the refrigerant for the
heat pump umt 1 makes it possible to give contribution to
global warming countermeasures, and 1ts condensing tem-
perature being higher than that of HFC refrigerant or the like
makes 1t possible to raise the hot-water temperature produced
by the heat pump unit 1. In this case, the lower the boil-up
return temperature 1s, the higher the COP (Coellicient Of
Performance) of the heat pump unit 1 becomes, which 1s
effective particularly for heat pumps using CO,, refrigerant.

Further, according to the hot-water storage type heating
and hot-water supply device, with a simple construction, the
heat exchange efficiency of the hot-water supplying heat
exchanger 22 can be improved, and high-temperature hot
water can be supplied. Further, under the condition that the
upper-side region in the hot-water storage tank 21 1s used
primarily as a heat source for hot-water supply while the
lower-side region 1s used primarily as a heat source for heat-
ing, the heat source of the upper-side region within the hot-
water storage tank 21 can be effectively utilized to supply
high-temperature hot water while the heat source of the
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lower-side region within the hot-water storage tank 21 can be
clfectively utilized for heating without affecting the high-

temperature hot-water supply.

Besides, delivering hot water from the intermediate region
within the hot-water storage tank 21 to the radiators 41,
42, . .. by the heating-use circulating pump 34, the hot water
in the upper-side region in the hot-water storage tank 21 can
be maintained 1n a high-temperature state for use of hot-water
supply, so that deterioration of hot-water supply power by
heating can be prevented.

In addition, the temperature sensors T1-113 of the first
embodiment are provided by thermistors, but other devices
such as thermocouples are also usable theretor.

Second Embodiment

FIG. 5 15 a longitudinal sectional view of a hot-water stor-
age tank of a hot-water storage type heating and hot-water
supply device with use of a hot-water storage type hot-water
supply device according to a second embodiment of the
invention.

In this hot-water storage type heating and hot-water supply
device of the second embodiment, a lower-side coil portion
122a of a hot-water supplying heat exchanger 122 placed 1n
the hot-water storage tank 21 1s larger while an upper-side coil
portion 1225 1s smaller i pitch. More specifically, the pitch
ratio of the upper-side coil portion 1225 to the lower-side coil
portion 122a 1s roughly 0.7. It 1s noted here that each of the
lower-side coil portion 122a and the upper-side coil portion
1225 1s wound up at an equal interval.

The hot-water storage type heating and hot-water supply
device of the second embodiment has the same eflfects as
those of the hot-water storage type heating and hot-water
supply device of the first embodiment.

Also, the lower-side coil portion 22a of the hot-water sup-
plying heat exchanger 22 1s made larger 1n pitch, 1.e. sparsely
arranged, 1n the relatively low-temperature hot-water region
on the lower side within the hot-water storage tank 21, by
which heat exchange 1s suppressed so that temperature
increase 1s suppressed in the hot-water region on the lower
side within the hot-water storage tank 21. On the other hand,
in the higher-temperature hot-water region on the upper side
within the hot-water storage tank 21, as the water flows
toward the upper side of the hot-water supplying heat
exchanger 22, the upper-side coil portion 225 of the hot-water
supplying heat exchanger 22 1s made smaller in pitch, 1.e.
densely arranged, by which heat exchange 1s fulfilled enough
so that high-temperature supply hot water can be obtained.
Thus, with a larger temperature gradient between upper and
lower portions within the hot-water storage tank 21, lower-
temperature water on the lower side within the hot-water
storage tank 21 1s heated by the heat pump umit 1, thus allow-
ing the COP of the heat pump unit 1 to be further improved.

In the second embodiment, the upper-side coil portion 225
1s made smaller 1n pitch, or densely arranged, than the lower-
side coil portion 22a in the hot-water supplying heat
exchanger 22. However, instead of adjusting the pitch, the
pipe length or leading diameter of the lower-side coil portion
may be set smaller.

Also 1n the second embodiment, the heat exchange power
ol the hot-water supplying heat exchanger per unit volume of
the hot-water storage tank 1s so set as to be higher in the
upper-side portion than in the lower-side portion by providing
a larger pitch of the lower-side coil portion 122a of the hot-
water supplying heat exchanger 122 placed within the hot-
water storage tank 21 as well as a smaller pitch of the upper-
side coil portion 1225. However, instead of adjusting the
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pitch, the pipe length or leading diameter of the lower-side
coil portion may be set smaller.

Also, for example, with use of inner-surface machined
tubes for heat transier tubes of the annular coil 1n the upper-
side portion of the hot-water supplying heat exchanger, the
heat-transfer-tube portion in the upper-side portion can be
enhanced 1n terms of heat transier rate 1n comparison to the
lower-side portion. Alternatively, the inner diameter of the
heat transfer tubes of the annular coil 1n the upper-side portion
of the hot-water supplying heat exchanger may be made
smaller than the inner diameter of heat transier tubes of the
annular coil 1n the lower-side portion, so that the tlow velocity
of water flowing through within the heat transter tubes 1n the
upper-side portion 1s increased, thus improving the heat trans-
fer rate at the heat transfer tube portions 1n the upper-side
portion 1n comparison to the lower-side portion.

The first and second embodiments have been described
above with regard to the hot-water storage type heating and
hot-water supply device. However, the present invention of
course may also be applied to hot-water storage type hot-
water supply device for performing the hot-water supply only.

Also 1 the first and second embodiments, configuration
and pitch of the lower-side coil portion 22a (122a) and the
upper-side coil portion 225 (1225) of the hot-water supplying,
heat exchanger 22 (122) may be set appropnately according,
to the configuration of the hot-water storage tank or the like.

Also, although the electrothermal heater 23 1s used as an
example of the heater placed at an intermediate portion within
the hot-water storage tank 21 1n the first and second embodi-
ments, vet the heater 1s not limited to this and other heating
means 1s also usable. Besides, as the heating terminal, without
limitation to radiators, tloor heating panel, fan coil or other
means may also be used.

Third Embodiment

FIG. 6 15 a longitudinal sectional view of a hot-water stor-
age tank of a hot-water storage type heating and hot-water
supply device with use of a hot-water storage type hot-water
supply device according to a third embodiment of the inven-
tion. This hot-water storage type heating and hot-water sup-
ply device of the third embodiment 1s the same 1n construction
as the hot-water storage type heating and hot-water supply
device of the first embodiment except the hot-water supplying
heat exchanger, and the same component members are des-
ignated by the same reference signs with their description
omitted.

In this hot-water storage type heating and hot-water supply
device of the third embodiment, as shown in FIG. 6, a hot-
water supplying heat exchanger 222 formed of a coil-like pipe
1s placed 1n the hot-water storage tank 21. This hot-water
supplying heat exchanger 222 has a lower-side coil portion
222a and an upper-side coil portion 2225 connected to each
other with a specified spacing, where the upper-side coil
portion 2225 1s smaller 1n inner diameter than the lower-side
coil portion 222a.

The hot-water storage type heating and hot-water supply
device of the third embodiment has the same effects as those
of the hot-water storage type heating and hot-water supply
device of the first embodiment, and moreover by making the
upper-side coil portion 2225 of the hot-water supplying heat
exchanger 222 set smaller 1n inner diameter, the tlow velocity
in the upper-side coil portion 2225 1s increased, thus improv-
ing the heat transter rate. As a result, heat exchange 1s fulfilled
enough in the upper-side high-temperature hot-water region
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within the hot-water storage tank 21, so that high-temperature
supply hot water can be obtained.

Fourth Embodiment

FIG. 7 1s a partial perspective view showing an internal
structure of a hot-water supplying heat exchanger placed
within a hot-water storage tank of a hot-water storage type
heating and hot-water supply device with use of a hot-water
storage type hot-water supply device according to a fourth
embodiment of the mvention. This hot-water storage type
heating and hot-water supply device of the fourth embodi-
ment 1s the same 1n construction as the hot-water storage type
heating and hot-water supply device of the first embodiment
except the hot-water supplying heat exchanger, and so FI1G. 1
1s used also for this embodiment.

In the hot-water storage type heating and hot-water supply
device of the fourth embodiment, a hot-water supplying heat
exchanger 22 formed of a coil-like pipe placed 1n the hot-
water storage tank 21 has a lower-side coil portion 22aq and an
upper-side coil portion 226 connected to each other with a
specified spacing. As shown in FIG. 7, a plurality of spiral-
shaped grooves 60 are provided in the 1mner surface of the
upper-side coil portion 225 (inner-surface machined tube).
Also, the lower-side coil portion 22a 1s an 1inner-surface plain
tube.

The hot-water storage type heating and hot-water supply
device of the fourth embodiment has the same effects as those
of the hot-water storage type heating and hot-water supply
device ofthe first embodiment, and moreover the heat transter
rate of the upper-side coil portion 225 1s improved by the
grooves 60 provided in the inner surface of the upper-side coil
portion 2256 of the hot-water supplying heat exchanger 22.
Thus, heat exchange 1s fulfilled enough 1n the upper-side
high-temperature hot-water region within the hot-water stor-
age tank 21, so that high-temperature supply hot water can be
obtained.

In addition, the grooves provided in the inner surface of the
upper-side coil portion of the hot-water supplying heat
exchanger 1s not limited to a spiral shape, and the grooves
may be 1n other shapes.

Fifth Embodiment

FIG. 8 15 a longitudinal sectional view of a hot-water stor-
age tank of a hot-water storage type heating and hot-water
supply device with use of a hot-water storage type hot-water
supply device according to a fifth embodiment of the inven-
tion. This hot-water storage type heating and hot-water sup-
ply device of the fifth embodiment 1s the same 1n construction
as the hot-water storage type heating and hot-water supply
device of the first embodiment except fins of the hot-water
supplying heat exchanger, and the component members are
designated by the same reference signs with their description
omitted.

In the hot-water storage type heating and hot-water supply
device of the fifth embodiment, as shown in FIG. 8, a hot-
water supplying heat exchanger 322 formed of a coil-like pipe
1s placed in the hot-water storage tank 21. The hot-water
supplying heat exchanger 322 has a lower-side coil portion
3224 and an upper-side coil portion 32256 connected to each
other with a specified spacing, and plate-shaped fins 70 are
provided on the upper side of the outer peripheral surface of
the upper-side coil portion 3225 (see FI1G. 9).

The plate-shaped fins 70 are each formed of a C-type
ring-shaped plate material which has an outer diameter and an
inner diameter corresponding to the coil shape of the upper-
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side coil portion 3225 1n a plan view and a circumierential
part of which 1s cut out. This cutout portion of the plate-
shaped fins 70 serves as a pipe-inserting portion in which a
pipe 1s inserted. The pipe 1s turned and transierred from
lower-stage to upper-stage side. The plate-shaped fins 70 are
placed between parts of the coil-like pipe of the upper-side
coil portion 3225, respectively, and stacked 1n a vertical direc-
tion with spacing.

This hot-water storage type heating and hot-water supply
device of the fifth embodiment has the same effects as those of
the hot-water storage type heating and hot-water supply
device of the first embodiment, and moreover the heat transfer
rate of the upper-side coil portion 3225 1s improved by the
plate-shaped fins 70 provided on the outer circumierential
surface of the upper-side coil portion 3225 of the hot-water
supplying heat exchanger 322. Thus, heat exchange 1s tul-
filled enough in the upper-side high-temperature hot-water
region within the hot-water storage tank 21, so that high-
temperature supply hot water can be obtained.

Sixth Embodiment

FIG. 10 1s a longitudinal sectional view of a hot-water
storage tank of a hot-water storage type heating and hot-water
supply device with use of a hot-water storage type hot-water
supply device according to a sixth embodiment of the inven-
tion. This hot-water storage type heating and hot-water sup-
ply device of the sixth embodiment 1s the same 1n construc-
tion as the hot-water storage type heating and hot-water
supply device of the first embodiment except the fins of the
hot-water supplying heat exchanger, and the same component
members are designated by the same reference signs with
their description omitted.

In the hot-water storage type heating and hot-water supply
device of the sixth embodiment, as shown 1in FIG. 10, a
hot-water supplying heat exchanger 422 formed of a coil-like
pipe 1s placed 1n the hot-water storage tank 21. This hot-water
supplying heat exchanger 422 has a lower-side coil portion
422a and an upper-side coil portion 4225 connected to each
other with a specified spacing, and spiral-shaped fins 80 are
provided on the outer circumierential surface of the upper-
side coil portion 4225b.

The hot-water storage type heating and hot-water supply
device of the sixth embodiment has the same effects as those
of the hot-water storage type heating and hot-water supply
device of the first embodiment, and moreover the heat transfer
rate of the upper-side coil portion 4225 1s improved by the
spiral-shaped fins 80 provided on the outer circumierential
surface of the upper-side coil portion 42256 of the hot-water
supplying heat exchanger 422. Thus, heat exchange 1s ful-
filled enough in the upper-side high-temperature hot-water
region within the hot-water storage tank 21, so that high-
temperature supply hot water can be obtained.

In addition, the plate-shaped fins 70 are provided 1n the
upper-side coil portion 3225 1n the fifth embodiment, and the
spiral-shaped fins 80 are provided 1n the upper-side coil por-
tion 4225 1n the sixth embodiment. However, without being,
limited to these shapes of the fins, the fins have only to be
capable of improving the heat transfer rate of the upper-side
coil portion.

The invention claimed is:
1. A hot-water storage hot-water supply device compris-
ng:
a heat pump unit for heating water;
a hot-water storage tank for storing hot water heated by the
heat pump unat;
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a hot-water supplying heat exchanger including a pipe
which 1s placed 1n the hot-water storage tank so as to
extend substantially entirely in a vertical direction
thereol and which receirves water from a lower side
thereol and discharges hot water from an upper side
thereof;

a hot-water temperature sensor detecting a temperature of

water heated by the heat pump unit; and

a boil-up three-way valve an iput side of which 1s con-

nected to the heat pump unit, one output side of which 1s
connected to a lower portion of the hot-water storage
tank to flow water from the input side into the lower
portion of the hot-water storage tank so as to be merged
into water filled within the hot-water storage tank, and
another output side of which 1s connected to an upper
portion of the hot-water storage tank to flow water from
the input side into the upper portion of the hot-water
storage tank so as to be merged into water filled within
the hot-water storage tank,

wherein the boil-up three-way valve 1s configured to flow

water from the input side to the another output side
connected to the upper portion of the hot-water storage
tank when the detected temperature of water heated by
the heat pump unit 1s equal to or greater than a predeter-
mined temperature, and to flow water from the iput side
to the one output side connected to the lower portion of
the hot-water storage tank when the detected tempera-
ture of water heated by the heat pump unait 1s less than the
predetermined temperature.

2. The hot-water storage hot-water supply device as
claimed in claim 1, wherein heat exchange power of the
hot-water supplying heat exchanger per umit volume of the
hot-water storage tank 1s so set as to be higher in an upper-side
portion than in a lower-side portion.

3. The hot-water storage hot-water supply device as
claimed 1n claim 1, wherein the hot-water supplying heat
exchanger includes a coil-shaped pipe.

4. The hot-water storage hot-water supply device as
claimed 1n claim 3, wherein

the hot-water supplying heat exchanger has a lower-side

coil portion and an upper-side coil portion, and

an electrothermal heater placed between the lower-side

coil portion and the upper-side coil portion 1s included.

5. The hot-water storage hot-water supply device as
claimed 1n claim 3, wherein the coil-shaped pipe of the hot-
water supplying heat exchanger has a smaller pitch 1n an
upper-side portion than 1n a lower-side portion.

6. The hot-water storage hot-water supply device as
claimed 1n claim 3, wherein the coil-shaped pipe of the hot-
water supplying heat exchanger 1s smaller 1n inner diameter in
a lower-side portion thereof than in an upper-side portion
thereof.

7. The hot-water storage hot-water supply device as
claimed 1n claim 3, wherein grooves are provided 1n an 1inner
surface of an upper-side portion of the coil-shaped pipe of the
hot-water supplying heat exchanger.

8. The hot-water storage hot-water supply device as
claimed 1n claim 3, wherein fins are provided in an outer
circumierential surface of an upper-side portion out of the
coil-shaped pipe of the hot-water supplying heat exchanger.

9. The hot-water storage hot-water supply device as
claimed in claim 1, wherein the heat pump unit uses carbon
dioxide as a refrigerant.

10. A hot-water storage heating and hot-water supply
device, comprising:

the hot-water storage type hot-water supply device as

claimed 1n claim 1;
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heating terminals connected between a heating-forward
port and a heating-return port of the hot-water storage
tank of the hot-water storage type hot-water supply
device, and

a circulating pump for circulating hot water within the 5

hot-water storage tank wvia the heating terminals,
wherein

an upper-side region 1n the hot-water storage tank 1s used

primarily as a heat source for hot-water supply, and a
lower-side region in the hot-water storage tank 1s used 10
primarily as a heat source for heating.

11. The hot-water storage heating and hot-water supply
device as claimed in claim 10, wherein hot water 1s dis-
charged from an intermediate region 1n the hot-water storage
tank to the heating terminals by the circulating pump. 15
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